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Abstract

The Fish and Wildlife Service and the City of Omaha participated in a six-
year study (1985-1990) to evaluate the environmental impacts of sewage
sludge, composted sewage sludge, and commercial fertilizer applications on
refuge croplands and the refuge environment.

Baseline chemical concentrations were determined for the study site soils,
resident deer (livers), and pheasants (livers). Baseline information also was
determined for the soil amendments, including sludge, composted sludge,
and commercial fertilizer. Fourteen agricultural plots, comprising a total of
92.8 acres, were then treated for a period of six years with the different soil
amendments. Six plots were treated with sludge, compost, and commercial
fertilizer soil amendments every other year. Six plots were treated with
sludge and compost amendments every year. Two plots received no soil
treatments, acting as controls. Residue analyses for metals were then
compared with data for the baseline year. Results indicate no major
differences for any metal concentrations in any plot among the years tested
(baseline (1985, 1987, 1989-90). Differences were found in soil fertility
among the test plots. However, these differences were not reflected in the
crop yields. Very few conclusions may be drawn from the crop yield data.
It is likely that factors external to the controlled parameters were affecting
productivity, most likely climatic.

ix



Introduction

DeSoto National Wildlife Refuge has a cooperative farming program in which
ten local cooperators annually farm approximately 2,500 refuge acres to
provide food, cover, and loafing sites for a variety of wildlife species. The
refuge is a migratory resting area for an average peak population of
approximately 400,000 snow geese and 50,000 ducks, primarily mallards.
Numerous non-game migratory species also use the refuge throughout the
year. The abundant resident wildlife populations include ring-necked
pheasant, bob-white quail, turkey, fox squirrel, rabbit, and white-tailed deer.

Two crop rotation practices, conventional and biological, were implemented
on DeSoto's cropland in 1979. The conventional rotation consists of
alternating crops of corn and soybeans. The biological rotation includes a
three-year rotation of clover/oats, corn, and soybeans.

Several trial applications of compost and other organic fertilizers have been
made on refuge croplands in recent years. However, the benefits from these
applications were not evaluated. DeSoto National Wildlife Refuge, in
cooperation with the City of Omaha, proposed to compare and evaluate the
impacts of various sewage sludge, composted sewage sludge, and
commercial fertilizer land applications on refuge wildlife, soils, and crop
production to provide more conclusive information on the benefits from
organic fertilizer applications.

Many studies have been conducted to evaluate the impacts of sewage
sludge applications to agricultural lands. The sewage sludge applied to
agricultural fields can be beneficial or harmful to plants, livestock, and
wildlife, depending upon its composition and source. Sewage sludge
contains elements which might be harmful to crops and wildlife if applied to
soils in excessive amounts.

Sewage sludge from the City of Omaha was used because it is relatively
contaminant free. Omaha has little heavy industry. Metals of concern were
estimated to be of low enough concentration that adverse effects to fish and
wildlife would not occur.

Objectives

The objectives of the study were to:

1. Compare, evaluate, and document the impacts of sewage sludge,
com posted sewage sludge, and commercial fertilizer land applications on soil
fertility, wildlife health, and agricultural production.
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2. Evaluate the potential to expand sewage sludge and/or compost land
applications to other refuge fields.

3. Develop guidelines suitable for use by refuge managers when considering

sludge and/or compost land applications.

4. Evaluate the windrow composting method using sewage sludge and plant
residues.

5. Compare the ease, suitability, and resulting products of sludge land
applications and composting options to aid the City of Omaha, Nebraska,
planning future waste management.

6. Compare time, equipment, and staff requirements associated with
compost application with similar requirements for commercial fertilizer and

sewage sludge applications.

Coogerators

The cooperators in this study are the City of Omaha, DeSoto National
Wildlife Refuge, Rock Island Field Office, and Lawrence and Richard Tietz
who farmed the test plots from 1985 - 1989, and Norman Buchardt who
farmed the test plot in 1990.

Studv Area

The study area was located on the DeSoto National Wildlife Refuge and
consisted of two fields, totaling 92.8 acres. These fields were divided by a
2.3-acre brome grass strip, which served as the compost pad and sludge

storage area.

The two fields were sub-divided into 14 separate test plots. The north field
was farmed using the conventional rotation and was 52.5 acres in size. It
was divided into eight study plots, ranging from 5.1 acres to 5.4 acres. The
south field was farmed using the biological rotation and totaled 50.3 acres.
It was divided into six study plots, ranging in size from 7.1 to 8.7 acres.
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Figure 1. location map showing test plot site on DeSoto National Wildlife
Refuge near Missouri Valley, Iowa.
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Methods

The 14 test plots were treated with different soil amendments in spring, at
different rates, for the period of 6 years from 1985 to 1990. Half of the
plots were under a conventional corn and soybean rotation, starting with
corn. The other half of the plots were under a biological rotation for the
same years, starting with corn, but included a clover/oats crop. Sludge was
applied at approximately 12.2 tons-per-acre dry weight. Compost was
mixed the previous fall at approximately 10.9 tons-per-acre and 5.63 tons-
per-acre for full-rate and half-rate plots, respectively. Anhydrous ammonia
(commercial fertilizer) was applied at approximately 108 pounds-per-acre.

Sludge was applied just before corn planting for conventional and biological
rotations, respectively. Plot 2 received sludge every other year for three
years (1985, 1987, 1989) during corn planting for the conventional rotation.
Plot 7 received sludge every other year for two years (1986, 1988) in the
spring before corn planting for the biological rotation. Plots 6 and 9 received
sludge every year.

Compost was applied at two different concentrations. Plots 10 and 13
received half-rate compost every year. Plot 3 received half-rate compost
every other year during the corn planting of the conventional rotation (1985,
1987, 1989). Plots 4 and 5 received full-rate compost for corn planting only
on conventional and biological rotations, respectively. Plots 11 and 12
received full-rate compost each year.

Plot 8 received commercial fertilizer every other year beginning in 1985, and
plots 1 and 14 received no treatment, acting as controls. Figure 2 illustrates
the plot treatments.

Sludge

Anaerobically digested press-cake sludge of 30 to 35 percent solids from
Omaha's sewage treatment plant was transported to the composting pad
using 28-cubic yard semi-trailer trucks owned by the City of Omaha's
contracted sludge-hauling company. About 1,000 cubic yards of sludge
were delivered each year. Part of the sludge was mixed with refuge grasses
for compost, and part was applied directly to the fields in spring at a rate of
about 12.2 tons per acre dry weight. Sludge residuals were analyzed for all
test years by the Missouri River Wastewater Treatment Plant.
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Comgost

The sludge was mixed with a grass co-composting agent taken from refuge
fields. Hay from a mixed stand of cool-season orchard grass, tall fescue,
brome, green needlegrass, and wheatgrass was cut and chopped to provide
the co-composting agent necessary to produce a suitable carbon-nitrogen
ratio for the compost.

The cut grasses were hauled from a refuge field, using a stakebed truck with
hoist, and dumped in a linear fashion to promote mixing. Sludge was then
dumped along side the hay. The compost contained a ratio of about 1 part
grass to 1 part sludge. Mixing was accomplished by several methods
including a front-end loader, a maintainer (road grader), a dozer, and a
scarab machine. In all cases, the pile was mixed a minimum of three times.
Water was hauled and added during several mixings to assist in the
decomposition process. However, once mixed, the decomposition process
proceeded as planned, with internal windrow temperatures exceeding 150
degrees Fahrenheit for several weeks.

The composting maturation process required about 20 to 40 days.
Composting took place during the summer and fall. Mature compost was
stored on-site through the winter, and was applied to the test plots in the
spring. Both the sludge and compost were applied to the plots using a
conventional manure spreader. The compost was applied to the plots in late
March/early April. Sludge was applied in mid-April. Crops were planted in
early May.

.5.Q1!

Soil samples were collected by Service personnel from test plots each spring
before application of amendments in 1985, 1987, and 1990. The samples
were collected from three locations along a transect down the middle of
each plot (Figure 3). The sample locations were equally spaced from each
other, and from plot ends and sides. Composite samples consisting of three
subsamples were collected: two at the surface and one at a one-foot depth
from the middle of each plot. A total of 42 composite soil samples were
collected.

Soils were analyzed for ammonia, nitrate, Kjeldahl, and organic nitrogen,
organic matter, cation exchange capacity, pH, soil texture, mercury, sulphur
lead, cadmium, copper, nickel, zinc, magnesium, manganese,
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boron, chromium, iron, aluminum, calcium, sodium, potassium, and
phosphorous. Metals were analyzed using the Inductively Coupled Plasma
Spectroscopy (ICP) method. The cold vapor method was used to analyze

mercury.

Mice, primarily Peromvscus maniculatus and f. leucoDus, with some
Microtus spp., were collected in 1987 and 1989. Three mice were collected
from every plot and composited into one sample per plot for metal residue

analysis.

Wildlife

Young pheasants were collected from the refuge in 1985, 1987, 1990 using
a shotgun and steel shot. Livers from eight pheasants collected in 1985
were analyzed in two composites of three livers and one composite of two
livers. Nine pheasant livers collected in 1987 were analyzed in three
composites of three livers each. Five pheasant livers collected in 1990 were
composited into one sample. The livers were analyzed for 19 metals using
the ICP method. The cold vapor method was used to analyze mercury.

White-tailed deer livers were collected in 1985, 1987, and 1990 from
hunter-killed deer on the refuge, and analyzed individually for the same
parameters and methods as were used for pheasant livers. Ten deer livers
were collected and analyzed in 1985 and 1987, while 12 deer liver samples

were analyzed in 1990.

Fox squirrels were collected using a shotgun and steel shot in 1985 only,
Livers from three squirrels were composited and analyzed for the same
parameters and methods as pheasant livers.

CroQ Yield and CroD-related Data

Refuge personnel conducted crop yield determinations for each plot. Corn,
soybeans, and oats were monitored during their respective growing years for
yields. Corn harvest sites were located in the center row, and were equally
spaced from each other and from the ends and borders of the plots. All the
ears on three separate 14.5 foot transects down the middle of each plot
were harvested and used to project corn yield per acre.
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Results

Soil - Metals

In general, heavy metal concentrations of cadmium, chromium, copper, lead,
and zinc increased detectably from the base year of 1984 to the final
application year of 1 990. However, the no-fertilization plots (1 and 14) also
increased at about the same rate as the treated plots for copper and zinc.
Chromium increased two to three times greater in the treated plots than in
the non-treated plots. Cadmium increase was due mainly to one site, plot 2,
which had one sample concentration of 28.5 ppm in 1990. Lead increased
two-fold in 1987 (from 11 ppm to 23.4 ppm) in the yearly sludge treatment
plots. This was a higher increase than for any other treatment plots or
control. Concentrations of lead in all treatment plots in 1990 were similar at
about 5 ppm higher than the baseline year, while the control plot decreased
by 2.4 ppm. Nickel changed little between plots or between test years.
Comparisons of selected metals between treatments and years are presented
in Tables 1, 2, and 3. Complete soil metal analyses are included as Tables
A-1, B-1, and C-1 in Appendices A, B, and C, respectively.

Background concentrations of cadmium determined from 1985 data were at
or slightly above detection limits. The 1987 results were similar to those of
1985 for all treatments. However, in 1990, cadmium concentrations were
slightly higher in some treatment plots than others. Most sites averaged
between 0.26 - 0.33 ppm cadmium. Plots 2 (sludge applied every other
year), 6, 9 (sludge applied every year), and 12 (compost applied every year)
had slightly elevated values (about 0.1 ppm higher) than other treatment
plots. Plot 2 had one value of 28.5 ppm, and one at 0.89 ppm. Chromium
also was slightly elevated in plots 2, 6, 9, and 12 in 1990.

Heavy metal concentrations determined in the test plots were all well below
levels of concern, except for cadmium. The New Jersey Department of
Environmental Protection (1987) cites 3 ppm as the criterion for cadmium in
soil while the national average of cadmium in soil is 5 ppm (Davies 1986).
Only one sample point of 28.5 ppm in plot 2 (sludge application all years) in
1990 exceeded those concentrations.

Wildlife - Metals

Deer livers and pheasant livers taken in 1985, 1987, and 1990 were
compared for potential uptake of metals. Analytical results indicate that
slight increases were detected between 1985 and 1990 in deer livers for
chromium and copper (Table 4). In 1990, three deer liver samples had
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Mean values for selected metals in test plots
from DeSoto National Wildlife Refuge for 1985

Table 1

Mean values for selected metals in test plots
from DeSoto National Wildlife Refuge for 1987.

Table 2.

SOILS-1987
(ppmdry weight)--

Full

Sludge
applied
'85-'90
(mean)

Full
Sludge
Applied
'85 '87'89,
(mean)

No Fertil-
ization
(mean)

Full
Compost
Applied
'85-'90
(mean)

Plots 11, 1 2Plots 2,7Plots 6,9Plots 1, 14

<0.5<0.50.6<0.5Cadmium

24.614.0519.67.4Chromium
22.411.138.3 14.1Copper

12.415.316.213.7Nickel

8.610.023.47.9Lead

39.551.4559.043.4Zinc
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Mean values for selected metals in test plots
from DeSoto National Wildlife Refuge for 1990.

Table 3.

SOILS~1990

FultSlud e. g
apP1.ied
#85.'90
(mean)

., c

full
Sludge Appljed
!85,..'87'89
{mean)

Fun
Compost
Appljed, 85-'90-
(mean)

N F.' P ertil.
izatipn (mean)

PIQts 11,1l..
Plots 2,7Plpts6,9Plots 1,14

0.430.52 50.3Cadmium

31.729.443.414.9Chromium

14.012.617.113.0Copper
16.514.018.7Nickel 15.0

14.215.516.79.2Lead

54.752.864.547.3Zinc
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Mean values for selected metals in deer livers from
DeSoto National Wildlife Refuge for 1985, 1987, 1990.

Table 4.

PEERLIYERS

Ippmdrvw~ight)

)987
{mean"

1985
(m~an)

1..990c

{mean)",I

0.30.670.20Cadmium

4.20.801.91Chromium

104.996.587.7Copper

<2 5<2Nickel

5.3<5<0.3Lead

85.0146.3123Zinc

Mean values for selected metals in composite samples
of pheasant livers from DeSoto National Wildlife
Refuge for 198~! 1987, 1990~-

Table 5.

PHEASANr.LlvERS
(ppmdwweigntl

1990
f1composited
sample)

1987
(mean of 2
composited
samples)

1985
(mean of 3
composited
samples)

<.10.7770.3Cadmium

0.950.692.5Chromium

13.419.724.6Copper
<.5<2<0.5Nickel

<1.5<5<1.5Lead

65.410886.8Zinc
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nickel and lead above the detection limit.

Concentrations of zinc in pheasant livers was highest in 1987 (Table 5).
Baseline year (1985) concentrations for chromium and copper exceed those
for test years. Concentrations of cadmium, nickel, and lead remained near
or below the detection limits for all test years in pheasant
livers.

Whole body mice residue analyses compared mice collected from control and
treatment plots (Tables 6, 7). For all plots, there was a detectable decrease
in concentrations of copper and zinc between 1987 and 1990 samples. All
1990 samples analyzed for copper and zinc were lower than the control plot
sampled in 1987. Cadmium, nickel, and lead remained at or near the
detection limits at all plots for both years. Chromium in treatment plots for
both years varied by about 0.1 ppm from the control.

Sludge

Sludge was analyzed by the City of Omaha for the years 1985 through
1990, and is reported in Appendix E, Table E-1. The sludge averaged 3.6%
total nitrogen, 0.8% ammonium nitrogen, and 0.007% nitrate nitrogen.
Phosphorus averaged 1.6% and potassium 0.15%. For heavy metals, zinc
averaged 660 ppm, lead averaged 204 ppm, copper 180 ppm, nickel 32
ppm, and cadmium averaged 8.9 ppm for the six-year period. These heavy
metal concentrations are below State of Iowa standards for ,. good" usable

sludge and are below the new standard set forth by the U.S. Environmental
Protection Agency (Fed Reg. Vol. 58, No. 32, Feb. 19, 1993). Table 8
compares these values. The project site is in the State of Nebraska which
has no State standards for land applied sludge.

Nutrient Content - Soils

Concentration of total nitrogen in the soils was generally higher in 1987 than
in 1985. However, this trend did not continue in 1990. Overall, there are
no strong trends in the total nitrogen determined among the plots for all
years. Sludge plots 2 and 9 generally increased in total Kjeldahl nitrogen
(TKN) from 1985 to 1990. Control plot 1 also increased in TKN over this
time period. Commercial fertilizer plot 8 decreased slightly over the same
period. A summary table of TKN values from selected plots are presented in
Figure 4. All soil analyses values are reported in Tables A-4, B-4, and C-4,
Appendices A, B, and C, respectively.
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Mean values for selected metals in whole mice composites
from DeSoto National Wildlife Refuge for 1987.

Table 6.

WHOLE BODY MJCE COMPOSITES-1987(d . hc.)ppm ry WGlg, It

Full

ComRost
Applied
'85-'90
(mean)

Full Sludge

appli~d
'85.'90
(mean)

F~II ..

Sludge ApplIed
'85 '87'89,
1mean)

No Fenil-. .
.l.zatlonjmean)

Plots 1 t 12Plots6,S Plots 2,7Plots 1,14

<.5<0.4<0.5 <0.5Cadmium

t.4.5 1.1Chromium 1.8

10.710.9 12.0Copper 11.9

<2 <2<2Nickel <1.

<5 <5<5lead 5.2.

106.1;Zinc 109 106 114

Mean values for selected metals in whole mice composites
from DeSoto National Wildlife Refuge for 1990.

Table 7

WHOLE MICE COMPOSITES
(ppm dry weight)

1990

Full Sludge
applied
'85-'90
(mean)

Full
Sludge Applied
'85,'87'89
(mean.

No Fenil-
ization (mean)

Full
Compost
Applied
'85-'90
(mean)

Ptots 11,12Plots 6,9 Plots 2,7Plots .14

<0.1 <0<0.1 <0.1Cadmium

1.1 1.4Chromium .6 .5

7.85."Copper 8.2 7.9

0.560.6Nickel <.5 <.E

<1.5 73.0 5Lead <

71.8 75.084.6 95.5Zinc
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Table 8. Metal concentrations in the sewage sludge of the City of
Omaha compared to standards for the State of Iowa and U.S
Environmental Protection Agency.

Iowa Department of Natural Resources (lAC 567-121)1

2. Table 3, Standards for the Use or Disposal of Sewage Sludge, Part 503, Subpart B-Land
Application (Fed. Reg. Vol. 58, No. 32, Fri, Feb. 19, 1993, p. 9392.)
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elot 4Plot 1 Plot 2 PJ.Q1.:J

5.4 acres5.4 acres 5.4 acres 5.1 acres

Full Rate
Compost on
Corn Only

% Bu/Ac
ImYielQ
.05 83
.13 115
.05138

Full Rate Sludge
on Corn Only

Half Rate
Compost on
Corn Only

% Bu/Ac
IKNyj§!.Q
.08146
.08150
.08145

No Fertilization

% Bu/Ac
Y.e:.:8rIKNYield
'85 .07 140
'87.1 173
'89 .09 110

% Bu/Ac
IKNYielQ
.09172
.08178
.1095

fl~t_l.Q Plot 11Plot 8 Plot 9

5.3 acres5.3 acres 5.3 acres 5.3 acres

Full Rate
Compost
Each Year

Full Rate Sludge
Each Year

Half Rate
Compost Each
Year

Full Rate
Commercial
Fertilizer on
Corn Only.

% Bu/Ac
Ye;arIKtlYi.Qld
'85 .08 178
'87 .07 127
'89.07 110

% Bu/Ac
mNYl.elQ
.09123
.14 115
.08 78

% Bu/Ac
IKNY!§!Q
.12 139
.15 142
.10 145

% Bu/Ac
IKN.Yi.elQ
.06 161
.07182
.12 75

Total Kjeldahl nitrogen and yield from selected plots
on the sewage sludge study area, DeSoto National
Wildlife Refuge for 1985, 1987, and 1990.

Figure 4.
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Phosphorus and potassium levels in the soil remained high to very high for
generally all test plots, including the controls, throughout the test years.

Yields

~
Corn harvested from control plot 1 were generally reduced in yield from
1985 to 1989 except for a small increase in 1987. In 1985, plot 1 yielded
140 bushels-per-acre of shelled corn. In 1987, it yielded 173 bushels-per-
acre, while in 1989, plot 1 yielded only 110 bushels per acre of shelled
corn. In 1990, three plots had lower yields than the control plot. These
were plots 2, 9, and 11 yielding 95, 75, and 78 bushels of shelled corn,
respectively. Plots 3, 4, and 10 were the highest yielding sites in 1989,
with 145, 138, and 145 bushels-per-acre of shelled corn, respectively.
These three plots all had applications of compost. However, only plots 4

and 10 had an increase in yield over baseline year 1985.

So~beans

Soybeans decreased in production in all years after the initial planting year
1986 at all plots. The yield for all plots sampled in 1990 varied little, with a
maximum difference occurring between plots 2 and 11 of 13.6 bushels-per-

acre.
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Discussion

Metals

Metals in sewage sludge may be toxic to plants if present at high levels.
Some trace elements essential to plants are included in this group. The
elements most likely to cause damage are arsenic, zinc, copper, nickel,
cadmium, chromium, mercury, lead, boron, molybdenum, cobalt, and
selenium. Most metals accumulate in plant roots or leaves. Few toxic
metals, such as mercury and molybdenum, bioaccumulate to high levels in
seeds. Plant roots have the capability of controlling the uptake of elements
they need and excluding the ones for which they have an adequate supply.
This protects them from high soil concentrations of some elements.

If crops, particularly corn, have elevated concentrations of metals, wildlife
may not be exposed, because wildlife may feed on other plants not exposed
to elevated metal concentrations. Also, the duration of corn availability is
limited such that it may only be available to wildlife one to three months per
year. Wildlife analyzed for this study did not indicate elevated body burdens
of metals above the controls.

In general, soils amended with sewage sludge containing relatively low
concentrations of metals such as that from the City of Omaha, would require
1 5 to 20 years of applications before metals would accumulate to levels
which may affect plants or wildlife (Sommers, Nelson, and Spies 1980).

Cadmium

Cadmium, a nonessential element, can be a serious hazard to animals if
dietary levels are high. Cadmium highly concentrated in soils is toxic to
plants. Normally, cadmium levels in most sludges are not high enough to
cause plant injury, but some sludges contain appreciable quantities. Plant
tissues may contain high concentrations without showing toxic symptoms.
Cadmium levels in grain are usually much lower than in other plant tissues

One of the greatest threats to wildlife of applying sludge to agricultural lands
is the cadmium content of the sludge. Low levels of cadmium in the soil
may be hazardous to earthworm-eating wildlife. Beyer (1990) reported that
cadmium was biomagnified to 100 ppm in earthworms collected from soils
containing only 2 ppm cadmium. (Collection of earthworms was attempted
for this study, but was unsuccessful due to a long history of chemical use,
including anhydrous ammonia, which is detrimental to earthworm
noDulations.) Bever also reported high levels (25 ppm) of cadmium in
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carrion-feeding insects

Cadmium concentrations for all tissues analyzed hovered around the
detection limit, except deer and pheasant livers in 1987, which averaged
about 0.7 ppm. Walsh et. al. (1977) consider cadmium whole-body levels
of 0.5 ppm to be harmful to fish and predators (our study analyzed livers
which should be more concentrated than whole-body analysis).

Cadmium was highest in the sludge analyzed in 1987. The reported
concentration of cadmium in sludge for that year was 19.4 ppm
(Appendix E, Table E-1). This slightly exceeds the sludge standards set
forth by the State of Iowa, for example, which is 15 ppm (the study site is
located in Nebraska which has no sludge standards). However, it does not
exceed the standards set forth by the U.S. Environmental Protection Agency
in their 1993 regulations on disposal of sewage sludge (40 CFR Part 257 et
al., Fed. Reg. Feb 19, 1993). Table 1 of those regulations set 39 ppm (dry
weight basis) as the maximum average monthly concentration for cadmium.

Cadmium was not found elevated above background concentrations in soil
samples, except one. One sample from plot 2 (sludge applied all years) in
1990 was detected at 28.5 ppm. This sample may be an aberration, or it
might be a "hot spot." Additional sampling should be performed to confirm
or deny its existence.

Chromium

Chromium increased two to three times in the treated plots, compared to the
non-treated plots, for all years. Chromium is considered one of the 14 most
noxious heavy metals (Jenkins 1 981 ). Chromium also is listed among the
25 hazardous substances thought to pose the most significant potential
threat to human health at priority superfund sites (U.S. Depart. of Health and
Human Servo and U.S. EPA 1987). Mean chromium concentrations in this
study increased between years and increased in treatment plots to a higher
degree than non-treatment plots. Concentrations still remained below levels
of concern (U.S. Environmental Protection Agency (1983) has proposed a
criteria of 100 ppm chromium in soils).

The greatest chromium risk to plants is posed in acidic sandy soil with low
organic content (National Library of Medicine, 1988). In plants, chromium
interferes with uptake translocation, and accumulation by plant tops of
calcium, potassium, magnesium, phosphorus, boron, and copper. It also
aggravates iron deficiency chlorosis by interfering with iron metabolism
(National Library of Medicine 1988).
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Little is known about the effects of elevated tissue levels of chromium on
fish and wildlife. Apparently, the only chromium concentration that has
been proposed as a protective standard for animal tissues is 0.20 mg/kg
(Eisler 1986). U.S. Fish and Wildlife Service studies in the Southwest
consider chromium levels above 0.8 mg/kg in fish and wildlife tissues to be
elevated (O'Brien 1987; Kepner 1986; Irwin 1988). Deer tissues sampled in
1984 and 1987 exceeded the 0.20 mg/kg standard for chromium (1990
detection limits were 0.9 mg/kg). In 1990, three deer liver samples had
concentrations of 14, 15, and 17 ppm chromium.

CooQer

Copper, although an essential element, can be toxic to plants at high
concentrations. Plants exposed to excessive levels of copper will usually
show toxic symptoms before they can accumulate enough copper to be
toxic to most animals. However, some animals are extremely sensitive to
low dietary copper levels. Copper is not biomagnified by earthworms, but
carrion feeding insects do accumulate copper.

Copper in soils increased in treatment years at a rate comparable to the
control. All values were below levels of concern. Jenkins (1981) reports
typical soil concentrations to be 20 ppm dry weight while the national
average is 30 ppm (Davies 1986).

Mean copper concentrations in deer livers were about 10 percent higher in
1987 and 16 percent higher in 1990 (96.5 ppm and 104.9 ppm,
respectively) than in the baseline year 1984 (87.7 ppm). Mean copper
concentrations in pheasant livers were higher in the baseline year 1984
(24.6 ppm) than in any treatment year.

Mol¥bdenum

Molybdenum is not particularly toxic to plants, even when present at high
levels. It may accumulate in plants at concentrations sufficient to cause
molybdenosis in ruminant animals without prior indications of toxicity to the
plant. This element is usually present at low levels in sludge. However, if
present at high levels, it can cause problems for wildlife.

Molybdenum was found in concentrations at or near detection limits for all
soils and organisms sampled.

Nickel

Nickel is not essential to plant growth. Although nickel may occur in



21

substantial quantities in sludge, nickel is only toxic to plants growing on acid
soils. If the soil pH is maintained at 6.5 or above, nickel should not cause
plant toxicity. Nickel is toxic to plants at concentrations that are relatively
safe for animals. Therefore, nickel contaminated plants are probably not a

food chain problem.

No significant difference was found among concentrations of nickel in soils
or organisms. Most values were at or near detection levels, except three
deer livers in 1990 determined to be above detection limits.

~

Zinc is an essential element for both plants and animals and is often present
in sludge and soils at relatively high concentrations. Additions of sludge to
soil may cause substantial increases in the zinc content of plants, but plant
toxicity seldom occurs. Many animal diets are deficient in zinc, so a wide
margin of safety usually exists between normal dietary intakes and those
which produce zinc toxicity in birds and animals. Absorption of dietary zinc
is regulated in part by proteins (Schiffer 1989). Zinc levels in earthworms
may biomagnify over four times greater than zinc levels in soils (Beyer
1990). Carrion-feeding insects may have high body burdens of zinc. Zinc
concentrations in control and test soils increased in 1990 by about 10 ppm

overall from the baseline year.

The highest concentration of zinc in tissues reported for this study was 271
ppm for a deer liver analyzed in 1987. Average normal levels in cattle liver
are 135 ppm. In animals suffering from zinc toxicity, corresponding values
for liver are 2000 ppm (Clarke, Harvey, and Humphreys 1981).

1&§.d.

All measured effects of lead on living organisms are adverse, including those
affecting survival, growth, learning, reproduction, development, behavior,
and metabolism (Eisler, 1988). It is a nonessential element that exhibits a
low degree of potential toxicity to plants, because soil constituents react
with it to reduce its solubility (and availability to plants) at pH levels above
5.5. Lead can be toxic to plants in low pH soils that are low in phosphate.
Usually, lead in sludge is non-toxic to plants, because the phosphate makes
the lead unavailable. Lead tends to accumulate in plant parts growing
closest to the ground. Small rodents and other animals important in the
food chain that feed on roots may accumulate high body burdens of lead.

Lead does not biomagnify in earthworms.

Lead in the soils was detected at low background concentrations for the
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baseline year, and for the following test years. Most soil values were below
21 ppm, and only three were at that concentration. However, typical soil
concentrations are considered to be 10 ppm dry weight (Jenkins 1981;
Davies 1986)

Lead was found at or near detection limits for all organisms tested for all
study years, except in 1990, where three deer livers had lead concentrations
slightly above the detection limits (9 - 10 ppm, <4 ppm detection limit).

Other Metals

In addition to the metals previously listed, sewage sludge normally contains
manganese, iron, aluminum, and mercury. The toxicity of these metals to
wildlife or crops are considered to be minimal because they either have low
solubility in neutral, well aerated soils, or they are present at insignificant
concentrations in most non-industrial type sludges from domestic sewage
treatment plants. Mercury was not found above 0.02 ppm in any soil
sample in 1990.

Sludge Management

Sludges from non-industrial areas may contain large amounts of domestic
wastes high in plant nutrients, including nitrogen, phosphorous, potassium,
and others. Metals which may be harmful to plants and animals have been
found in relatively low concentrations in Omaha's sludge. The organic
matter in sewage sludge also may improve soil texture through proper land

application.

Generally, when sewage sludge is applied to agricultural lands for a period of
about 20 years, metals and salts build up to high concentrations in soils.
High salt concentrations can cause soils to puddle and, thus, greatly reduce
water intake (Mannering, et al. undated). When high metal concentrations
have accumulated in soils, additional sludge applications may jeopardize
plant health and consequently, the health of higher organisms in the food
chains.

There is tremendous variability in the quality of sewage sludge and its
potential impacts on soils, wildlife, and crop production when applied to
agricultural land. Because of this variability, sludge application should be
carefully monitored to be successful. Both the qualitative and quantitative
information learned from this project will prove useful to the refuge, the City
of Omaha, and to the agricultural community.
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CroQ Yields

Very few conclusions may be drawn from the crop yield data from this
study. For corn yields, the control plot decreased in production from the
baseline year. However, four other plots also decreased in productivity,
including the commercial fertilizer plot, sludge applied every year and every
other year, and compost applied every year. All soybean production
decreased. It is likely that factors external to the controlled parameters were
affecting productivity, most likely climatic.

ComDarison of Fertilizer Methods

There are considerable differences between the processes for application of
sludge, compost, and commercial fertilizer. Commercial fertilizer is by far
the least expensive, when all costs for equipment, product, and labor are
included. The timing of application is somewhat flexible, depending upon
pre-plant or sidedress application. In addition, commercial fertilizer
application generally requires one pass over the fields, so soil compaction is
kept to a minimum. On the other hand, compost and sludge applications are
both machinery and labor intensive. Composting requires the addition of a
green plant product, a product many farmers will not have or could
otherwise sellon the open market. For this project, a 53.7 acre cool-season
grass field was mowed and chopped, or chopped standing, and transported
to the site by stakebed trucks for composting purposes. Mixing required
extensive use of equipment and time.

Application of compost also was a time-consuming process, requiring
extensive use of machinery and labor. A front-end loader was needed to fill
a manure spreader for spreading up to 12 loads per acre to meet soil
fertilization requirements, assuming the average manure spreader used holds
160 to 220 bushels. Soil moisture requirements also could be limiting, and
compaction usually was a problem in affected areas.

Sludge application was less intensive, but still considerably more so than
commercial fertilizer. Once again, a front-end loader was required to haul up
to five loads per acre to meet nitrogen requirements, Similar to composting,
soil compaction and soil-moisture are a concern.

Unlike commercial fertilizer, sludge and composting require a separate site
for piling, mixing, and storage, but it must be on or adjoining the croplands
on which it will be applied; otherwise the considerable time and costs of
application become prohibitive. Storage of sludge causes short-term
sterilizations or "burning" of the soil, and storage on the cropping site would
eliminate yields where piled. This is a general concern, since most farmers
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are not willing to give up any crop ground. In addition, the mixing process
results in considerable compaction in and around the storage site.

Anothe( aspect of sludge management is the requirement for it to be hauled
to the site. For this project, the City of Omaha hauled the product via a
contracted carrier. These trucks, with the sludge payload, weighed
approximately 39 tons. Consequently, potential damage to access and
refuge roads was a concern, and soil moisture conditions on the dumping
site were often limiting. Also, extreme soil compaction on the site was
inevitable. A private farmer would have to be concerned about the
maneuverability of these big rigs on his lanes, with resulting road repairs,
and soil compaction on and around the sludge pile site.

Public Interest

Throughout the study period, the plots were interpreted for the visiting
public. A roadside turn-out exhibited two large interpretive panels which
explained the sludge demonstration project. Since an average of over
300,000 people visit DeSoto annually, it can be assumed that considerable
knowledge was exchanged on sludge management and composting.
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Conclusions

The following addresses the objectives of the study,

1. Compare, evaluate, and document the impacts of sewage sludge,
composted sewage sludge, and commercial fertilizer land applications on soil
fertility, wildlife health, and agricultural production.

The use of sewage sludge from the City of Omaha had no measurable
adverse effects on wildlife of the refuge during the short duration of this
study. Metal concentrations in the sludge were low compared to that from
industrial areas. The concentration of metals for the five treatment years
showed no significant difference from the baseline year.

Crop yields indicate no significant differences between the treatments. No
fertilization plots were comparable to four treatment plots.

If crop production is the goal of the soil amendment program, then results to
date do not justify expanding the sewage sludge program to other refuge
sites. However, the data may be inconclusive and additional years of
studies, with more replication of treatments, are needed for greater
assurance of results.

2. Evaluate the potential to expand sewage sludge and/or compost land
applications to other refuge fields.

The use of sewage sludge and compost are very labor intensive. Its use on
refuge lands would only be suitable if the material were brought to the fields
without cost to the refuge, and machinery and labor were available to
manipulate the material.

3. Develop guidelines suitable for use by refuge managers when considering
sludge and/or compost land applications.

a. The sewage sludge must meet State and Environmental Protection
Agency guidelines for disposal (40 CFR Part 257 et al., Fed. Reg. Feb 19,
1993). Subpart B - land Application of the above Federal regulations are
included as Appendix F. State and local permits may be needed.

b. Monitoring will be required for the permit, and may include residue
analyses of soils for metals, possibly once per year.
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c. Rate of application of sewage sludge is based on composition of the
sludge material, nitrogen requirements, and the rate of build up of metals.
Guidelines can be obtained from the Cooperative Extension Service or the
State permitting agency.

d. Composting requires large machinery for mixing, like a front-end loader,
road grader, dozer, and/or scarab. It also requires the addition of a green
plant product and water. Sewage sludge requires a front-end loader for
hauling and a method of spreading the material. Both require a separate site
for piling, mixing, and storage.

4. Evaluate the windrow composting method using sewage sludge and plant
residues.

Mixing the green plant product with the sludge was equipment and labor
intensive. Water had to be hauled and added during several mixings to
assist the decomposition process. However, once mixed, the decomposition
process proceeded as planned.

5. Compare the ease, suitability, and resulting products of sludge land
applications and composting options to aid the City of Omaha, Nebraska in
planning future waste management.

The City would need to work closely with any farmer interested in sludge
type soil amendments. The City would likely be required to haul the material
to the site.

6. Compare time, equipment, and staff requirements associated with
compost application with similar requirements for commercial fertilizer and

sewage sludge applications.

Commercial fertilizer was by far the least expensive when all costs for
equipment, product, and labor are included. Commercial fertilizer generally
requires one pass over the fields, so compaction is kept to a minimum.
Composting and sludge applications are both machinery and labor intensive
process.

While no significant adverse impacts were found as a result of this six-year
study, the site was removed from the refuge's agricultural program at the
end of the period as part of a cropland reduction plan. It has subsequently
been planted to native grasses to provide a large, interpreted prairie
restoration adjacent to the refuge's auto tour route.
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Recommendations

1. Since sewage sludge components vary from application to application,
and metals are expected to build up in 15 to 20 years, a diligent monitoring
program is recommended to stay ahead of any potential adverse affects
which may result from use of sewage sludge as a soil amendment.

2. Additional years of studies, with more replication of treatments, are
needed for greater assurance of monitoring results. Background information
should be collected just before a project starts. Sludge/compost treatments
should then be made for five years before the second round of evaluation
begins. Evaluations would be made in five year intervals with land
treatments occurring each year.

3. Groundwater analyses should be incorporated in future monitoring of
sludge management studies. While the installation of Iysimeters and wells is
expensive, and the periodic analysis of water samples can be prohibitive, the
information gained on the rate and amount of transport of leachate would
seem to justify the funding. Leaching remained an unknown in this study.

4. The use of any fertilizers should be carefully examined for cost, need
and results.

5. Doing large scale composting could reduce the cost. One large
composting pad could provide material for many farms to make it affordable.

6. New landfill regulations limit yard waste deposits. Composting sludge
with yard waste could make use of the material and provide farmers and
gardeners with soil amendment materials.
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Table A-3. Analytical results (ICP scan) for inorganic elements in composite samples
of pheasant livers from DeSoto National Wildlife Refuge for 1985.

PHEASANT LIVER COMPOSITES

(ppmwet w~iBbt)

PJ:J~11
PH _12I, " Ptl~3~

Calcium 136 60 54.4,56.1"',52.8.

Phosphorus 2740 2650, 2640*, 2660*2860

Potassium 3490 3520 3220..

Cadmium 0.055 0.030 0.068, 0.072., 0.072.

Cobalt 0.042 0.035 0.02, 0.03*

Copper 5.36 4.52, 4.55.4.70

Iron 213 190 173,176.

Molybdenum

Nickel

0.88 0.99 0.85,0.87*

<0.06 <0.06 < 0.06..

Lead <0;1 <0.1 0.03..
Thallium <0.2 <0.2 < 0.02**

Vanadium <0.008 <0.008 <0.008**

Zinc 26.6 24.2 23.1.23.4.

Mercury 0.02 0.02 < 0.02..

Aluminum 0.056 0.96 0.2. 0.6*

Beryllium

Manganese

<0.001 <0.001 <0.001**

2.91 3.84 3.04, 2.98.

Chromium 0.44 0.52 0.53.

I Composite of two livers

2 Composite of three livers. Duplicate analyses.. Duplicate analYles perfonned with the same result
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Table A-4. Inorganic analytical results on one composite sample of three
squirrel livers from DeSoto National Wildlife Refuge collected
in December 1985 - February 1986.

CONCENTRATION.
J'ftftmw~wei gbt)~y ...

Calcium 44

Phosphorus 2850

Potassium 3010

Cadmium 0.065

Cobalt 0.02

Copper 3.79

Iron 695

Molybdenum- 0.53

Nickel <0.06

Lead <0.1

Thallium <0.2

Vanadium <0.009

Zinc 22.4

Mercury <0.02
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40 CFR Part 257 et al.
Standards for the Use or Disposal of
Sewage Sludge; Final Rules
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applied to a unit area or land (e.g" ~e~age sludge applied to the land, and requirements in § 503.12 and the
gallons per acre). to the land on which sewage sludge is management practices in § 503} 4 do

(v) Runo/lis rajnwater,leochate, or applied. nolapply when sewage sludge IS sold or
other liquid that drains overland on any (b)(1) Bulk sewage sludge. The general given away in a bag or other container,"
part of a land surface and runs ofr of the requirements in § 503.12 and the for application to the land if the sewage
land surface. management practices in § 50314 do sludge sold or given away in a bag or

(w) Sewage sludge is solid, semi-solid, not apply when bulk sewage &Iudge is other container for application to the
or Jiquid residue generated during the applied to the land ir the bulk sewage land meets the pollutant concentrations
treatment of domestic sewage in a sludge meets the pollutant in § 503.13(b)(3), the Class A pathogen
treatment works. Sewage sludge concentrations in § 503.13(b)(3). the requirements in § 503.32(a), and one of
includes, but is not limited to, domestic Class A pathogen requirements in the vector attraction reduction
septage; scum or solids ~moved in S 503.32(a), and one of the vector requirements in § 503.33 (b)(1) through
primary, secondary, or advanced attraction reduction requirements in (b)(8).
waslewater treatment processes: and a § 503.33 (b)(I~ through ~)(,8). (f) The general requirements in
material derived from sewage sludge. (2) Th? RegIonal Admlnlstrat,or of § 50312 and the management practices
Sewage sludge does not include ash EP A or, In the case or a State \V1th an in § 503,14 do not apply when a

generated during the firing of sewage approved sludge management program, material derived from sewage sludge is
sludge in 8 sewage sludge incinerator or the State DIrector, ~ay apply any or all sold or given away in 8 bag or other
grit and screenings generated during or the general requt~ment~ In ~ 503.12 container for application to the land if
preliminary treatment or domestic and the management practIces In. the derived material meets the pollutant
sewage in a treatment works. § 503.14 to the bulk sewage sludge ~n concentrations in § 503.13(b)(3), the

(x) State is one of the United States or § 503,10(b)(~)?n a case-by.case basIs Class A pathogen requirements in
America, the District or Columbia, the after .determlnlng that the general. § 503.32(a), and one or the vector
Commonwealth of Puerto Rjco, the requirements or managem~nt practIces attraction reduction requirements in
Virgin Islands, Guam, American Samoa, a~ nee~ed to protect public health and § 503.33 (b)(I) through (b)(8).
the Trust Territory of the Pacific Islands, the.e~vlronment from any reasonably (g) The requirempnts in this subpart
the Commonwealth of the Northern anticIpated adverse effect.that may do not apply when a material derived
Mariana Islands and an Indian Tribe occur from any pollutant m the bulk f I d . Id ., I d rom sewage s u ge IS so or gIven
eligible for treatment as 8 $tate pursuant sewage) SThU ge. I . . away in a bag or other container for
to reg ulations Promul gated under t he (c)(1 8 genera requIrements In I. t. t th I d .f thS d h . app lca Ion 0 e an I e sewage
authorit y of section 518 (e) of the CWA 503.12 an t e mana~ement practIces I d fr h ' ch th t . I . . . § 503 4 d h b 1'- s u ge om w lema ena IS

(y) Store or storooe 01 sewa ge sludge In .1 0 not app y w en I u A d . ed h II. 0 :I . I d . ed fr I d . env meets t e po utant
IS the placement of sewage sludge on materia erlv om sewage s u ge IS ..

(b ) hI d h ' ch h I d ap p lied tothelandirthederived bulk concentratlonsln§503,13 )(3 ,t e
an on WIt e sewage s u ge. Class A pathogen requirements in

remains for two Years or less This does matenal meets the pollutant § ( ) d f th. . .- t ' . S503 13(b)(3) h 503.32 a ,an one 0 e vector
not Include the placement of sewage concenua Ions In . ,t e . red , . .I dId ~ Class A pathogen requirements in attractIon uctlon requIrements In
s (z)g~~~t ~~ treO:t=tt~i~~wage S 503.~2(a), and ';Ine of th.e vector. § 503.33 (b)(I) through (b)(8).

sludge is the p~paration of sewage attractIon reductIon requIrements III § 503.11 Special definition-.
slud ge for final use or dis posal This § 503.33 (b)(I) through (b)(8). ( ) .. ' It I /. d . I d h h. (2) Th Re . I Ad i . f a ngrlCU uro an IS an on w IC
includes but is not limited to e glona m nlstrator 0

f --.1 f ed fibe' '
EPA . th r S . h a uuu crop, a e crop, or a I r crop

thickenin g stabilization and or, In e case 0 a tate WIt an. Th ' . I d I d d" d I d IS grown. IS Inc u es range an an
dewaterin g of sewa ge slud ge This does approve s u ge management program, I d d t. h S O. I II an use as pas ure.
not include storage of sewa2e sludge t e tate I~ctor, may app y any or a (b) ~ . . th h I. y . r th I . . § 503 2 ngronomlc rate IS e woe

(88) Treatment works tS eIther a 0 e genera requIrements In .1.. .

~ d
II d bl ' I d or the mana gement Practices in § 503.14 slu~ge applicatIon rate (dry weIght

e era y owne ,pu IC y owne ,or , . baSIS) desI
gn ed'privately owned device or system used to the bulk material In § 503.10{c)(I) on . . .

to t~at (including recycle and reclaim) a case-by-case basis after determining (1) To provide the amount of nItrogen
either domestic sewage or a that the general requirements or needed by the food crop, fe,ed crop, fiber

b . t . rd t. d mana g emen t pra ctice s are ne ed e d t o crop, cover crop, or vegetatIon grown on
com Ina Ion 0 omes IC sewage an th I d' d
industrial waste of a liquid nature. protect public health and the tI an ,a? .

(bb) Wetlands means those areas that environment from any ~asonably . (2) To ~Inamlze the amount of
are inundated or saturated by surface anticipated adverse effect that may nitrogen In the sewage sludge that
water or ground water at e frequency occur from any pollutant in the bulk passes bel.ow the root zone of the crop
and duration to support, and that under sewage sludge.. .. or vegetation grown on the land to the
normal circumstances do support, e (d) The requIrements In thIs subpart ground water. ,

prevalence or vegetation typically do not apply when a bulk material (c) Annual pollutant loadIng rote IS
adapted ror lire in saturated soil derived from sewage sludge Is applied the maximu.m amount.of a pollutant that
conditions. Wetlands generally Include to t~e land If the sewage sludg.e from can,be applIed to e U~lt area of land
swamps, marshes, bogs, and similar whIch the bulk material is derived. during a 365 day penod. "

areas. meets the pollutant concentrations In (d) Annual whole sludge application
§ 503.13(b)(3}, the Class A pathogen rate is the max.imum amount of se\\'age

Subper1 8-l8nd Application requirements In § S03,32(e}, end one or sludge (dry weight basis) that can be
the vector attraction reduction applied to e unit e~a of land during a

1503.10 . AppIIC8~Uty. requirements in § 503.33 (b)(I) through 365 day period.
(8) ThIS subpart applies to any person (b)(8). (e) Bulk sewage sludge is sewage

who .prepares sewage .Iudge that is (e) Sewage sludge sold or given awoy sludge that is not sold or given away in
applIed to the land, to any person who in a bag or other container lor e bag or other container for application
applies sewage sludge to the land to application to the land. The general to the land.
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(I) Cumulative pollutant loading rate
is the maximum amount of an inoliani(
pollutant that can be Ipplied to In aroa
of land.

(g) Forest is a tract of land thick with
trees and underbrush.

(h) LAnd application is Lhe spraying 0
~preading of sewage sludge onto Lhe
land surface; the injection of sewage
sludge below the land surface; or Lhe
incorporation of sewage sludge into Lhe
soil so that Lhe sewage sludge can eiLher
condition the soil or fertilize crops or
vegetation grown in the soil.

(i) Monthly average Is the arithmetic
mean of all measurements taken during
the month.

(j) Other container is either an open
or closed receptacle. This includes. but
is not limited to. a bucket. a box. a
carton. and a vehicle or trailer with a
load capacity of one matric ton or less.

(k) Posture is land on which animals
feed directly on feed crops such as
legumes. grasses. grain stubble. or
stover.

(I) Public contact site Is land with a
high potential for contact by the public.
This Includes. but is not limited to.
public parks. ball fields. cemeteries.
plant nurseries. turf farms. and golf
courses.

(m) Range land is open land with
indigenous vegetation.

(nl Reclamation site is drastically
disturbed land that is reclaimed using
sewage sludge. This includes. but is not
limited to. strip mines and construction
sites

t 503.12 Generat requlrementa.
(al No person shall apply sewage

sludge to the land except in accordance
with the requirements in Lhis subpart.

(bl No person shall apply bulk sewage
sludge subject to the cumulative
pollutant loading rates in S 503.13(b)(2)
10 agricultural land. forest. a public
contact site. or a reclamation site If any
of the cumulative pollutant loading
rates in S 503.13(b)(2) has been reached.

(c) No person shall apply domestic
septage to agricultural land. forest. or a
reclamation site during a 365 day poriod
if the annual application rate in
S 503. 13(c) has been reached during that
period.

(d) The person who prepares bulk
sewase sludge Lhet is applied to
agricultural land. forest. a public contact
site. or a reclamation site shall provide
the person who applies the bulk sewage

,sludge written notification o(the
concentration of total nitrogen (as N on
a dry weight basis) in the bulk sewage
kludse.. (e)(I) The person who applies sewage

'sludge to Lhe !.and shell obtain
information needed to comply with the
-equirements In this subpart.

- ~--
(2)(i) Before bulk. sewage sludge

: subject to the cumulative pollutant
loading retes in § 503.13(b)(2) is applied
to the land. the person who proposes to
apply the bulk. sewege sludge shall
contact the permitting authority for the

,r Stete in which the bulk. sewage sludge
will be applied to determine whether
bulk sewage sludge subject to the
cumulative pollutant loading rates in
S 503.13(b)(2) has been applied to the
site since July 20. 1993.

(ii) If bulk sewage sludge 8ubject to
the cumuletive pollutant loading retel
in § 503.13(b)(2) has not been applied to
the site since July 20. 1993. the
cumuletlve amount for each pollutant
listed in Table 2 of § 503.13 may be
applied to the site in accordance with
S 503.13(a)(2)(i).

(iii) If bulk sewage sludge subject to
the cumulative pollutant loading retes
in S 503.13(b)(21 has been applied to the
site since July 20. 1993. and the
cumulative amount of each pollutant
applied to the site in the bulk sewage
sludge since that date is known. the
cumulative amount of each pollutant
applied to the site shall be used to
determine the additional amount of
each pollutant that can be applied to the
site in accordance with § 503.13(a)(2)(i).

(iv) If bulk. sewage sludge subject to
the cumulative pollutant loading rates
in § 503.13(b)(2) has been applied to the
site since July 20. 1993. and the
cumulative amount of each pollutant
applied to the site in the bulk. sewage
sludge since that date is not known. an
additional amount or each pollutant
shall not be applied to the site in
accordance with § 503.13(a)(2)(il.

(n When a person who prepares bulk
sewage sludge provides the bulk sewage
sludge to a person who applies the bulk
sewage sludge to the lend. the person
who prepares the bulk. sewage sludge
shall provide the person who applies
the sewage sludge notice and necessory
inrormation to comply with the
requirements in this subpart.

(g) When a person who prepares
se\'iege sludge provides the sewage
sludge to another person who prepares
the sewage sludge. the person who
provides the sewage sludge shall
provide the person who receives the
sewage sludge notice and necessary
information to comply with the
requirements in this subpart.

(h) The person who applies bulk
sewage sludge to the land shall provide
the owner or lease holder of the land on
which the bulk. sewage Iludge II applied
notice and necessary Information to
comply with the requirements In this
subfart.

(i Any person who prepares bulk.
sewage sludge that Is applied to lend in

- - -~-

a State other than the State in which the
bulk sewege sludge is prepared ahall
provide written notice, prior to the
initial application of bulk sewage slutfge
to the land application site by th,
applior, to the permitting authority for
the State in which the bulk sewage
sludge is proposod to be applied. The
notice shall include:

(1) The location, by either street
address or latitude and longitude. of
each land application site.

(2) The approximate time period bulk
~ewage sludge will be applied to the
site.

(3) The name. address, telephone
number. and National Pollutant
Discharge Elimination System permit
number (if appropriate) for the person
who prepares the bulk sewage sludge.

(4) The name, address, telephone
number. and National Pollutant
Discharge Elimination System permit
number (if appropriate) for the person
who will apply the bulk. sewage sludge.

(j) Any person who applies bulk.
sewage sludge subject to the cumulative
pollutant loading r.tes in § 503.13(b)(2)
to the land shall provide written notice,
prior to the initial application of bulk
sewage sludge to a land application site
by the applier, to the permitting
authority for the State in which the bulk
sewage sludge will be apf lied and the
permitting authority ahal retain and
provide access to the notice. The notice
shall include:

(1) The location, by either slnlet
address or latitude and longitude, of the
land application site.

(2) The name, eddress, telephone
number, and Nationel Pollutant
Discharge Elimination System permit
number (if appropriate) of the person
who will apply the bulk sewage Iludge.

t 503.13 PoIut8ftt IImIta.
(a) Sewage sludge. (1) Bulk. sewage

sludge or sewage sludge sold or given
away in a bag or other container shell
not be applied to the land if the
concentralion of any pollutant in the
sewage sludge exceeds the ceiling
concentration for the pollutant in Tabl6
10f§503.1J.

(2) If bulk sewage sludge is applied to
agricultural land, forest, a public contact
sileo or a reclamation site. either:

(i) The cumulative loading rate for
each pollutant shall not exceed the
cumulative pollutant loading rete for the
pollutant in Table 2 of § 503.13; or

(ii) The concentration of each
pollutent in the sewage Iludge .hall nol
exceed the concentration for the
poll utant in Table 3 of § 503.13.

(3) If bulk sewage sludge II applied to
a lawn or e home garden. the
concentration of each pollutant in the~
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TABlE 3 OF §503.13.-POllUTAI.'
C ONC ENTRA roNs-Con tinued

Uonl~ .ve ~cenlm\lOtW(
pet iJIoota. -n '

POikI'..,.

Leed .
t.4en;ufy . . .
~
~ SelelWITI ..

~ . Ofy ~I b8sIa.

-(4) Annual pollutant loading rates

TABlE 4 Of §503.13.-AHNUAL
Pa.LUTANT LOADING RATES

Aln81 ~ ~
rale (k8oor1ms pet ,*.
ca.. pet ~ "Y ~

~lan,

~ ~ ~...

~ l8ld ~ ~

N~ SeI.~m .

Zft '"

-~-~~

56\\lage sludge shall not exceed the
concentration for the l)n!Iutant In Tahle
Jor§503.13.

(4) Ir sewage sludge is sold or given
away In a bag or other container for
application to the land. either:

(i) The concentration of e&rl1
pollutant in the sewage sludge shall not
8~ceed the concentration for the
pollutant in Table 3 or § 503.13; or

(ii) The product of the concentration
of each pollutant in the sewage sludge
and tha annual whole sludge
application rate for the sewage sludg8
shall not cause the annual poll\jtant
loading rete for the pollutant in Table 4
of § 503.13 to be exceeded. The
procedure used to determine tbe annual
whole sludge application rate is
pmsented in appendix A of this pari.

(b) Pollutant coccentr8tions and
loading rates-sewage sludgl1.

(1) Ceiling concentrations.

TABlE 1 OF §500.13.-CEILING
C<Jf«:£NTRA TOIS

c~ w-~v--~
I~ ~r iJI).

gr8mJ'
~

15 (C) Domestic septage.
85 The annual application rate for

JCXX) domestic septege Ipplied to Igricultural
~ land, forest, or 8 reclamilion site sball

51 not exceed tlIe Innual application rale
75 calculaled using equation (I).

420
100 N

7500 AAR: \~ I::.J. 11\-
0.0026

~ Cadn-tum ~-

~,..
l-' MeIQ/IY ~

~ s...,m Zk.: -

. 'Ory~b8S8
(2) CumulatIve polltll.nl loading \...IIor,,:

rales. AAR=Annualapplication rate in 8311ocs PO'

T lCIe per 36S day pcriod.T Aa..£ 2 OF § SOO.13.-CUaAUlA lYE NcAmounl of nitrogen in pounds per .oe
POllUTANT LOADING RATES per 36S day pcriod needed by Ibe ~p- 01' y.atlon grov;n on !IIe land.

. '503.14 M8nlgement prectlc.-.

- (I) Bllik sewage sludge shall nol btt
4' applied 10 the lend if it is likely 10

:.: sdver~ly affect a Ihreslcned or
1500 endangered 5pef:ilts lisled under secti""
~ 4 of the Endangered Spef:ies Ad or il~
17 dR-,ipatod r:riti".al habilal.
: Ib) Bulk se\O.age ~Iudge shalll!"1 b.,

~oo apptiltd 10 agricullurililand, forest. a
~ pubti~ l:onl8<.1 sile, or 8 ntClan1al;on sil~- Ihalls nooded. fro7;on. or ~linw';-:o"t!r('d

~(, Ih31 the hlilk ~w8ge slucft>8 1'r;lifr~ ~
wl'I!3l1d or f),hur wafers or the Uml..td

r Slile~, as defined in 40 C.FR 122.2,

fI~copt 31 provided i!, a perlnil is.~lt$J- purstlftnf to Sft<1inn 402 or 404 (If I~o

OVA.
(r:) Bulk ~\vaglt slurlK8 shl\lllIlll btt- BppUllriln BKriC:lIlrllrnllsnd. rc!n!SI.lJr 8

., I . . .. . 0 I39 rei: 811-..1'°.- ~llo I',AI IS 1 ",ull1r5 or II'
-200 from wolltrs (If I hit Ullill.id $111115, a~
lSOO rI.tfi""d in 4() C'FA 1272. 11111,,~.~

~Itve ~~181. .
pel ~.

PoI~

~ c~..

Ct'8Qnun.
~..
lead
~...
~,~tr
Nk:ke' ...
s...c1I~.n
lW.: -

13) Poll"'."' rl)n~:6n'r8ljf1tl$.

TABlE 3 OF § 503- 13.-PoLLUT ANl
CONceNTRAT~

~~ ge ~
c~",)i~ (millo/ams

Pel kilc.gram) I
-

P~nl

---
AIs.*-.
C~1Ium
C~
CC#el

otherwise specified by tlIe permitting.
aulhorilY.

- (d) Bulk sewage sludge shall be
applied Co agriculCuTalland. Corest.,a
public conlact sile, or a reclamation sile

- at a whole sludgO) application raCe Chat
~ Is equel to or less lba.n the .vonomic
11 rate for the bulk sewage sludge. unless.

~ In tlIe case oC a reclamation ,ite.
~ otherwise specified by the permitrlng

2«X) authority.- (e) Eilber a label ,hall be affixed to Ihe

bag or olher container in which &ewage
,Iudge that Is sold or given away for
application to the land. or en
InCormatlon sheet shall be provided to
the person who receives sewage sludge

-;- sold or given awe)' in an other container
for application. to the land. The label or
inCormauon &beet ahall conlain the- following inCormation:

~.~ (1) The name and addreu oC the
I~ person who pre~d the Mwase 51udge
15 that is sold or given away In a bag or
IS ocher conlainer for appliceclon to the

Q.86 land.
0.:: (2) A statement that ap:r licetion or the
5.0 sewage sludge to the Ian Is prohibited
'40 except in accordance wich the- instructions on the label or InComtation

sheet.
(3) The annual whole sludge

application rate for lbe sewa. sludge
that does not cause any oC the annual
pollutant loading rates In Table 4 or
S 503.13 to be exceeded.

S 503. 15 ap.,-adonal ltand8rd8-
patf\ogenl and vector attraction r8ducdon.

(a) Pathogens-sewage sludge.
(I) The Oass A pathogen

nJquirements in S 503.32{a) or the Class
.: B pathogen requirvments and siCe

restrictions in § 503.32(b) sh.1I be met
when bulk sewage ,Iudge is applied to

1 agricultural land. Corest. a public conCaC1
site. or a r.:lamalion site.

(2) The Class A pathogen
Nquinlmltncs in S 503.32(a) shall be met
,vhltn bull sewage sludge is applied to
. lawn or 0 home gardon.

(3) The l:lass A pathogen
..J requiremltnls in S 503.32(a) shall 00 met

when ~'"agtt sludge is sold or given
awa)' in a bag or olhltr containdr for
appliciliinn 10 Ihe land.

rb) Pclho$en:r-domestic septag",
Th~ ~qulremflnc5ln eilher § 50332-

I (t;)( t) or (r:){2) shall be met when
dolneslit: sdpllJge i~ "('plied II)
8gricultunlllsfld. Colesl. or.
r~lamatil'n sileo

(&:) \'cctor nt!mction rer!u,:tion-
'\P,,'oge sludge.

(I) D'll) (Irlh" \91:tnr attra(:tann
redu,..cion rttqllirdments in S 50333

"1 rb)(l) Ih~n~gh (11)(10) shall t.e mitt \'- htln
:~ bulk ~'\'db~ sludge is applied tn

HRri(;ull~,r"lland. Curest,. publi,; l:nr118.:f
~iltt, or 8 ntclHmRlinn ~;I..
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TABLE. 1 OF §503.16.-FREQUENCY OF
MoNTOR~ APPUCA TK)N

- -
~of-oe~ I (m8D1c u. pet

~5 (Jay pettod)

- - ~ ~ ~ ~ ~ --~~ - -~ ~ -

(2) One of the vector attraction shall be monitored for complian<» with (3) If tha pollutant con<»ntretions i",
reduction requlreD1entsln § 503.33 those requirements. S 503.1 3(b)(3). the Class A pathC?gen
(b)(1) through (b)(8) shall be met when (Approved by the Office of Managemeot end requirements. in § 503.3~(a). and,lhe.
bulk sew88e .Iudge Is applied to a lawn Budget under control number 204~151) vector attraction reduction requI~8tents
or a home garden. in either § 503.33 (b)(9) or (b)(10) are .

(3) One of the vector attraction 5503.17 RecordkMplng. met when bulk sewage sludge; is applied
reduction requirements in § 503.33 (8) Sewage sludge. (1) The person who to agrlcultUfalland. forest. a public
(b)(1) through (b)(8) shall be met when prepares the sewage sludge in co~tact site. or 8 reclamation site:
sewage sludge is sold or given aw8Y in § 503.1.0(b~(1) or (e~ shell develop th~ (I) The person who prepares the bulk
a bag or other container ror application (ollowlng In(Omlatlon and ,hall retain sewage sludge shall develop the
to the land. the information (or five years: (ollowing inlormalion and shall retain

(d) Vector attraction reduction- (ij The c?nce".tration o( each . the in(onn8Uon (or fi.ve years.
domestic septage. The vector attraction pollutant listed In Table 3 o( § 503.13 In (A) The ~nC8ntr8tlon o( each
reducUon requiremenls in the sewage sludge. pollutant listed in Table 3 o( S 503.13 in
§ 503.33(b)(9). (b)(10). or (b)(12) shall be (ii) The rollowing cartificetion the bulk sewage sludge. . .
met when domestic sept age is applied to statement: (8) The.(ollowing <»rtlficatlon
agricultural land. forest. or a ... certify, under peoalty of Ilw, thlt the statement.
reclamation lite. Class A pathog8n requirements 10 § 503.32(1) .'" certify, under penllty of law. that the

and the vector attr8ctloo reduction pathogen requiMmeotJ 10 § 5O3.32(a) bave
5503.16 Frequency of monltOf"lng. requiMment in liosert oDe of the vector beeo met Tbis determlnatioo b.. been made

(a) Sewage sludge. (1) The frequency ettractioo reductioo rwqulnmeot. in under my ditectioo and supervisloo in
o( monitoring for the pollutants listed in § 503.33(b)(1~ tbrougb.§ 50.3.33(bM8)1 have accordance wltb. tbe .ystem deslped to
T bl 1 T bl 2 T bl 3 d T bl 4 been met. This determination bls been made ensure that qualified personnel properly

a e . a e . a e an a e under my diMction and supervisioD ID galher and evaluate the Information used to
o( § 503.13; the .pathogen denslt>: accordance with the iystem deslped to determine that the pethogen requilements
requirements in § 503.32(a) and In ensure that qualified penonnel properly hIve tleen met. lam aware that theM aM
§ 503.32(b)(2) through (b)(4): an~ the gatber and evaluate the infonnatl?n used to significent penaltl.. for fal.. certification
vector altraction reduction requtroments determine that the pathosen requlMments includins the possibility of fine and
§ 503.33 (b)(1) througll § 503.33(b)(8) . and vector attraction reductioD rwquirements imprisonment..'

shalL be the '-"uency in Table 1 o( hive been met. I am awale that theM a~ d ,. rb th th""'t siplficant penalties for false certification (C) A escrlptlon 0 ow e pa ogen
§ 503.16. including the possibility of fine and req.~iremenls in S 503.32(a).are met.

imprisonment" (II) The pe~n who appl1es the bulk
(iii) A description o( how the Class A sewa8e: sl~dge shel~ develop the .

~ - pathogen requirements in S 503.32(a) are follo:wlng tn~onnatlon and shall reteln
t the In(omlatlon (or five years.

F~ m(i~) A description of how one of llie (A) The. (ollowing certification
- vector ettrection reduction requirements statement.

Grelter filii 1110 but 0r-=8 par year. in § 503.33 (b)(1) through (b)(8) is met. '.. cortify. uDder penalty of Ilw. that the
!ell ~ 280. (2) The pe~n who derives the management pf8Ctic»s In § 503.14 and tbe

Equil D«~'" filii 0r.:8 par ~ (bIr material in S 503.10 (c)( 1) or (f) shall vcclor ettraction reduction rwquiMmentln
~ but IIMItI8n *'- per year) develop the (ollowing inrormation and linsert either.§ 503.33 ~)(~) or (b)(10)1 have
1.500. h II . h . r . f fi been met. This detennlnatlon bas tleen madeE~ kI« ~eI"'lI8n Orr.a par 60 days (si. S a retain t e In ormation or Ive d d .-' . d S -rv isl'on In1 500 bIA hn time pet r). un er my 1,_,lon n U,.-15.CKXI s yea yea.rs.. accordance with the system designed to

. (I) The concentration or each en
sure th l t qualified personnel Properl yE~kI«greaterll8n I Oncaper~(12 II I. 1. T bl f rc .

15.CKXI. an- per year). po utant. Istvu In 8 U 3 0 3503.13 In gather and evaluate the information used 10
~ -- -- the matenal. determine that the management pf8Ct1C»8 and

kI ~-:..~ ~ ~~ -=- ~,: (ii) The following certification vector attraction ~udioa requlrwmenls have
by a parWI ~ ~,. -08 ~ tIIaI 1& statement: been met. I am aware that tbe~ are
=.C' =:(a beg « =)~ lor '.. certify, under prnllty of law. that tbe significant peneltie~ (or false certi~cation

&y ~ Class A patbogen requirnmcnls in § 503.32(11) Including fine end Imprisonment.
(2) After the sewage sludge has been and the vector attraction reduc:tion (8) A description o( how the

~onitored lor lwo years al the f~~uency requl~ment in li.nsprt on.e of the ~tor managemenl precti<»s in S 503.14 are
In Table 1 of S 503.16. the permitting attnctlon reductl(Jn requlrtlrnenls In § 5.°333 met for each site on which bulk sewege
authority may redu<» the frequency of (bMl) ~~sh (b)(8)1 hive tJCIen mot. Tbls slud e is applied.
monitoring for pollutant concentretions d~te~lnatlon has bou~ m~de under my (Cf A description o( how the vector

d ' th th d I direction Ind supon;ls!un In iI<:cordance with . . .an ~or e p8 ogen ens ty .. the system desisnfItJ 10 ensure that qualified attraction reduction requirements in
requl~ments in S 503.32 (a)(5)(II) and personnel properly SRI her end evlluate the either S 5~3.33(b)(9) or (b)(10) are met
(8)(5)(ttl). but In no case shall the information used to ,jtltemalne that the ror each site on which bulk sewage
frequency of monitoring be less than pethosen requi,.ments and the vector sludge is applied. .
once per year when sewago sludge is attraction ~uctlon rwquiremonts have beon (4) Ir the pollutant concentrations in
ar?lied to the land. -mot. I am IWIM that thAre are significant S 503.13(b)(3) and lhe Class 8 palhogen

(b) Domestic uptage, If either the pena.It~.. for fllse corti.ficlti.on includ.I,ng the requiremonts in S 503.32(b) are met
pathogen requirements in S 503.32(c)(2) possibility of rlne and Imprisonment. when bulk sewa. .Iudge is applied to

or the vector atlraction reduction (iiij A description o( how lhe Class A agriculturelland. forest. a public contact
requirementJ in S 503.33(b)(12) are met pathogen requirements in S 503.32(0) are site. or a reclamation site:
when domestic .ptlSe ilapplied to met. (i) The person who prepares the bulk
agriculturelland. foreat. or a (iv) A description of how one o( the Hwag6 sludge shall develop the
reclamation site. each containor o( vector attraction reduction requirements rollowing infonnation and Ihell retain
domestic sept.ge applied to the lend in S 503.33 (b)(1) through (b)(8) is met. thu information lor five years:~
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(A) The concenb'ation of each
(1()llutb'~' IIst:;,j In Table 3 or § S03.: :1 in
Ihe h'Jlk sow8ge sludge.

tB) The f'Jllowing certification
$1c:lfJlnenl:

"I c~r1i'y undur, penalty or law,thnttho
l:I"..s B pltthogen nKjulnrment8 in § 50332[1»
clad tho ~.:tf)r IIt~ction reduction
~ulromenl in IlnSftrt one of the V8f:tnr
attraction reJuclion requlremQnll in t 503,33
(bXI) through tbX8) If ODe oftbOle
r1tqui,.ments 1- metl beye beoo met. Thil
lIetorminalion has ))88a made under my
di~tloa and lupervl810n 10 .:cordan(» with
Ih~ system designed to eR$~ th.t qualirled
r.ersonnel properly Bither and evaluate the
in!ilnn.tion u"Id to de!ennlnillhatlbe
I'6lhosen Ff"iui~ments land vector allJ"action
nlduction :,~ulrement. If applicable) haye
~n met. I am awuw thattbere ...
lisnlficant penalti.. for f.l. cer1lficafion
includins the poa.ibility of fine and
imprisonment,"

IC) A description of how the Class B
pathogen requirements io S 503.32(b)
iTe met.

(0) When one of the vector attl8dion
reduction requirements in S 503.33
(1»(1) through (b)(8) Is met. a description
of how the vector attraction reduction
requirement is met.

(ii) The person who applies the bulk
sewage sludge shall develop the
follO;wing information and shall retain
the information for five years.

(A) The following certification
statement:

..1 cer1ify, under pen.lty of lew, that the
managelnent rrKta. In § 503.14. the sil.
restrictions in § 5O3.32(bX5). and the vector
;,!t~tion retJuctioo requiremenls in linsort
oither S 503.33 (b)(9) or (b)(10). If one of those
:-O/1uirements is mIll I'dY. _n met for ~h
sire nn which bulk sewage sludge is applied.
Th:$ delonnlnetion bas been !Dade und. my
,Ii:-ection and lupervisioo in lCXOfdana with
the system desiped to en5WW th.. qualified
po:1Sonnel properly lather and evaluate tbe
informalinn used to determine that the
man~gement pl8Cticel and sile restrictions
!dnd !he v~tur attl8Ction reduction
~ ::quirninents ir applicablel have ~:\ met. I
~m awa,. that there arw slsn"lQ~t pcnaltles
"Of filll8 certifIcation includina tbe
t"JSSibility of line and imprisonment,"

18) A description of how the
1:1on8gement practices in § 503, t 4 are
met for e8ch site on which bulk se\vaga
sludgo Is applied.

(C) A description of how the ~it8
rl~,!rjl:tjons in § SnJ.32(b)(5) are met for
tl8~.h site on \vhich bulk sewage sludge
i.< aprlied.

(0 When the vector Ittrac1lon
rtlduction requirement In either S 503.33
(b)(9) or (b)f10) is met, 8 desaiption'of
how lhe vector altraction reduction
ftlquimment Is met.

(5) If Ihe r~ulrements in
§ 503,13(8)(2)(1) a18 mal when bulk.
'<I!WUKf! sludge Is Ipplied to Igricultural

~ --~ - - -

llind, forest, 0 public contact site, or a
rec:am\ltj;}n silo:

(i) lhft person who prepr.ntS tho bulk
!:6~'8gtJ sludge shall devltlQP lhe
follo\ving i:1fo~\atioD and shall Mtain
tho l:Jfnnnation for fiv8 Ygets.

(A) The r.onCtJntratJon of each
pollutant listed ill Tabl6 1 of § 5C3.13 in
the bulk sewage sludge.

(8) The following certification
stalement:

"1 certify, under penally of law, that the
pathogon requirements In IIQI8rt either
§ 5O3.32(a) or § S03.32(b)land the vedor
attraction ~duction requiromentln (iG88rt
one of the vector atlnction ~ductlon
requirements In S 503.33 (bM1) througb (b)(8)
If ODe of th<»e requt~menlt It motl blve
been met. nta defemination bat beeD made
under my di~tloD aDd JUperritlOD tn
accordana with the 'Y'tem dMtped to
ensure thai qultified personnel property
sather and evllullethe Infomlatlon used 10
determine that the p8thosen requirements
land vector anr8dion reduction
requi~mentsl have been met. lam eware thet
thatW 8ft 8tgntflcant penlhiM lor fal..
certificetlon Includtfllthe ~tbiltty of ftne
and Imprisonment."

(C) A desaiption of how the pathogen
requirements in either § 503.32 (a) or (b)
are met.

(0) When one of the vector attradion
requirements in § 503.33 (b)(I) through
(b){8) is met. a descriplion of how the
vector attraction requirement Is met.

(ii) The person who appliea the bulk
sewage sludge shall develop the
following information, Mtain tbe
Information in § 503.17 (a)(5)(ii)(A)
through (a)(S)(il)(G) indefinitely, and
rotain the infonnation in § 50.1.17
(a)(S)(ii)(H) through (a)(5)(ii){"f) for five
years.

(A) The location. by either street
addMs.. or latitude and longitude. of
each sit. on which bulk sewese sludge
Is appllod.

(8) The number of hectares in each
site on which bulk sewage sludge is
applied,

(C) The date and time bulk. sewage
sludge Is applied to each sileo

(0) The cumulative amount of each
pollutant (i.e., kilograms) listed in Table
Z of § 503.13 In the bulk sewage sludge
applied 10 ead. slle, including the
amount In § S03.12(e)(Z}(lli).

(E) The amount of sewage sludge (I.e.,
melric lons) epplied to each lite.

(F) Tho following certification
statement:

'.. certify, under penalty of law, that the
nJqulrements to ~taiD tnformaUoa tD
§ 603.12(0)(2) haye beeD me. 1or88Cb sile on
which bulk sewa.e sludse I.applted. This
detennlnation has been made UDder my
di~lon and supervlsloo 10 Kmtduce with
the system dOllgned 10 ensure that quaJlned
personnel properly sather and evelu.te the

. ~-- -

Infonnatlon used tn detoml:~e that the
~"ire':"!en!a to ,..btain infon:1arion hav..l'fJOn
m"l I a,l) awe,. thet th~ro are al~ifiC1lnl
peroallies jor fRllo I:IIrtifir~:i:)n includlnaJIile
and impri~.)nmenl." ,

(GI,~ doscri plion of ho\v the ;
requirements to obtain i~ro:'m8tion in
§ 503.12(e}(2) 818 met.

(H) The following certification
stattlment:

"1 certify, under penalty of law, that the
manaaoment prectir.el in S 503.14 havD oot!n
met fnr each lite on which bulk sewage
aludge ia applied. Thil det~rrnination bas
boon made under my directioo aDd
rJpervisloo to eaordeoce with the ayatem
deslJ1led to eolure that quelified penonnel
properly Batber and eveluate the iufonnltion
used to detennlne that the management
practices bave been met. I am aware that
ther9 are IlsnlftcaDt peoalliet for falae
certification iucluding ftne and
imprison~nt."

(I) A description of how the
management pnctJces in 5503.14 are
met ror each site on whida bulk _wage
aludp is applied. .

1J) The rol1owing certification
statement wben the bulk sewage sludge
meets the Class B pathogen
requirements in 5503.32(b):

... certify, under penalty of lew, that the
si!e mtriclionl In § 5O3.32(b)(5) have tJeen
met. This detennln8t1on has beeD made
under my direction and lupervision 10
acaJrdance with the syatera d8iped to
ensu,. thet qualirted personnel properly
gather aad evaluate the infonuatioD used to
detennine that the lite ,.strictio.- have been
met. I am .ware that the,. are slpific.Dt
penalties for fal.. certification Includins fine
end imprisonment."

(K) A description or how the site
restrictions in 5 503.32(b)(5) ere met (or
eacll aile on which Class B butt. sewage
sludge Is appl.ed.

(L) The following certification
statement when the vector attradion
redu<.1ion ~uirement in either 5503.33
(b)(9) or (b)(10) Is met:

.'. cer1ify, UDder penalty of law, that the
vector attr8Ction reduction requirement in
'insert either § 503.33(b)(9) or § 5O3.33("bH10))
has been met. This determination has tJeen
made under my dlrectioa .nd suP8Vis1oa In
Ic<;ord.nce with the Iystem desillted to
~nlUro that qualified personnel properly
gather .nd evaluete the Infonnellon used tn
determine that Ihe vector a~loD reduction
requi,.menl hu been met. I am awl,. that
the,. are alsnlftcant penalties fw fal-
cer1ification includina the possibility of fine
and imprisonmeat."

().,f) Ir the vector altraction redt:aion
requirements in either S 503.33 (b)(9) or
(b)(10) are met, a description or how the
requirements ere met.

(6) If tn. requirements In
5 503.13(a)(4)(11) are met when sewage
sludge Is sold or liven away In a bag or
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other container for application to the direction and IUpervitlon In acaJrdaoce: wi'h (2) The name and address of the
land, the person who preparos the tbe system desi8ned to ensure that qualIfied porson who either owns the land or.
sewage sludge that Is sold or given away person Del properly gether IInd evaluate the leases the land. ,/
in a bag or other container shall develo p Infonnatioo used to det.mioe tbat tJae (3) Thelocatian, by either st!get

. . path~eD '-uiremeotl and voctcx attraction dd I " t d d I I"'
d f ththe rollowln

g Infonnatlon and shall -°. ...,

h L_- t ' a r9SS or a.1 IJ e an ong IU e, 0 e. .. reducilOP requlremoPls ave!)GUD 1116. am I d
retain the Information for five years: aware that there are significant penllft" for an. .

(i) The annual whole sludge (aIM certifi<2lion including the possibility of (4) An eXdPlanation.or whthY Ml wage

application rate for tho sewage sludge fine IPd imprisonmePl" sludge nee s to remain ~n e and ror

that does not cause 01.- annual pollutant d cri . rh th lh longer than two yeAn pnor to final use
. . uw (7) A es ptlon 0 ow e pa ogen ordls sal

loadIng ratelln Table 4 of § 503.13 to requirements In aither S 503.33 (c)(I) or (5):fhe a' roxlmate time riod
be exceeded. (c)(2) are met. pp. I d .lpebe 8(Ii) The concentration or eech (8) A description or how the vedor d.ben th: S8~ age luge WI I b u~ or

pollutant listed in Table 4 or S 503.13 In attraction reduction requirements In l(p)O~W' bpart does not 8pply to
the..s.ewage slud~.. § 503.33 (b)(9), (b)(10). or (b)(12) are se'::'age s~udse treated on the land or to

(Ill) The rollowlng certification met. lh land hich Iud istatement. e on W aewBg8 I ge S
. (Approved by the Office of ManagerneDt and tronted.

'.. certify, under penalty of law, that the Budget uDder control nUTDoor 204~151)
management practice In § 5O3.14(e), the Class 1503.21 Sp8CIa' ~ltIOn8.
A pathogen requlMment in §-503.32(a), and t 503.18 Repoc1ing. (a) Actjve sewage sludge unjt i. .
the vector attractioD reductioa requirwment (a) Class I sludge management Mwage sludge unit that has not closed.
in Iinsert one of tbe v~or atlt8ctioD racilities. POTWI (as defined in 40 crR (b) Aqujfer is a geologic formation.
reduction requllWments In t 503.33 (b)(1) 501.2) with a design now rate ec-.ual to group of geologic ronnationa. or a
dlhnJUt Shl (bt)!8)1bh~~ ~. Thdlt or greater than one million gallons per Portion or ageologic formation capable
. enn na IOn al.-n m...e un «my d d th . .direction and supervilion In acaJrdance with ay. an Pal"ws at serv~ 10,000 or ~leldlng ground water to wells or

the "..em d_i8ned to anJure that qualified people or more shall submit the sprIngs.
personnel property pther aDd evaluate the rollowing Inronnation to the permitting (c) Contaminate on aquifer means to
information used to ~ that the authority: introdur.e a substance that causes the
maoagement practi~. pethosen (1) The Inronnation In § 503.11(a), maximum contaminant level ror nitrate
rvquirem6nts. and vector ettr8ction reduction except the information in S 503.17 in 40 crR 141.11 to be exceeded in
requlrementl bave been met.' am aware that (a)(3)(ii). (a)(4)(ii) and in (a)(5)(ii), ror ground water or that causes the existing
there Ire slgnlftcan! penal!!" rl:!f .ra:lse the appropriate requirements on concentration or nilrate in ground water
cortlftcati.Dn Indud~.ng the possIbIlity of fine February ~ 9 of each y~r. to increase when the exiltiog
end Impnaonment. - (2) The Inronna"on In § 503.17 concenlratlon of nilrate in the ground

(iv) A description or how the C18S-' A (a)(5)(ii)(A) through (a)(5)(il){G) on weter exceeds the max.imurn
pathogen reqwrementl in S 5O3.32(a) are linsert the month end day from the date contaminant level for nitrate In 40 crR
met. of publication or this rulel ofesch year 141.11.

(v) A description of how one or the when 90 percent or more of any or the (d) Cover is soil or other material used
vector attraction requirements in cumulative pollutant loading rates in to cover sewage sludge placed on an
S 503.33 (b)(I) through (b)(8) is met. Table 2 or S 503.13 is reeched at a site. active sewage sludge unit. .

(b) Domestic septase. When domestic (Approved by tbe Office or Management aDd (e) Displacement is the relative
septage Is applied to agricultural land. Budiet under control nUTDber 2O4~1S1) movement of any two sides or a fault
rorest. or a reclamation site. the person measured in any direction.
who applies the domestic septege shall Subpart ~Urf8ce Dlapoaal (f) Fault is a Cracture or zone or
develop the following inronnation and 1 CTactwes in any materials along wblch
shall retain the Inrom1ation for five 503.20 ~~. strata on one side are dilplaced with
yean: (a) This subpart applies to any ~rson nIS~ to strata on the othar lide.

(1) The location. by either street who prepares sewage Iludge ~at tl (g) Finol cover is the last layer of loil
addIVss or latitude and longitude, of placed on a lurface disposal s.lte. to the or other material placed on a Mwege
each site on wftJch domestic septage Is owner/operator or a lurfece dlSpoaal sludge unit at closure.
ap lied site. to sewage sludge pieced OD a (h) Holocene time is the most recent

~) The number or acrea in eacb lite surrace disposal site. and to a surface epoch or lha Quaternary period.
on which domestic septage il applied. disposal.site. extending from the end or the

(3) The date and time domestic (b) This subpart does not apply to Pleistocene epoch to the present.
septage is applied to each site. sewage sludge stored on the land or to (i) Uachote collection system is a

(4) The nitrogen requirement ror the the land OD which sewage sludge il system or device Installed immediately
crop or vegetation grown on each site stored. It also do,es not apply to sewage above a liner that Is designed.
during a 365 day period. sludge Ihat remains on the land ror constructed. maintained, and operated

(5) The rate, in gallons per acre per longer than two years when lha person to collect and remove leachate from a
365 day period. at which domestic who prepares the sewage sludge. sewage sludge unit. .
septage II applied to each site. demonslrates Lhat the land on which the (I) liner Is soil or synthetic material

(6) The following certification sewage Iludge remains is not an active that has a hydraulic conductivity or
statement: sewage sludge unit. The demonstration lxl0-7 centimeters per second or less.

'" 'cy d Ity of I that th shall Include the following information. (k) Lo~r explosive limit for methane
path;~ ~:n...~aln I~~itber e which shall be retained by the person gos Is ~elowest percentage or methane
S 503.32(c)(1) or 1503.32(c)(Z)llod the vector wh? prepares the Mwage Iludge ror the sa. in air. by volume. that propagates a

Ittractlon reduction requlrementlln Iinsert penod that the sewage sludge remains name at 25 degrMS Celsius and

S 5O3.33(b)(9), 1503.33(b)(10J, (W on the land: 8tmos'pheric pressure.
S 5O3.33(b)(12)1 hive been met. Tblt (1) The name and address or the (I) Qualifie~ ground-water scientist is
determination b.. been made under my porson who prepares the sewage sludge. an Individual with a ba~laureet8 or


